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Managing nature when there are no 'ill winds'
Interspecific interactions affect biodiversity, but in unpredictable ways
that change over time and space. There is little evidence for the 'ill wind
that blows no good' to any species. So how can we manage nature?
Many ecologists assess what happens to an ecosystem
over an area of a few square meters and a period of a few
years, using experiments that are elegant, replicated and
fundable. Yet the stories they tell may have little relevance
over the decades to centuries and square kilometers to
planetary scales that are relevant to most important eco-
logical problems. Employing large-scale and long-term
experiments, James Brown and his colleagues have found
that the answers they get to questions about biodiversity
depend on the scales of time and space in which the
questions are framed.
Today's enemy is tomorrow's friend
'Know your enemy' may be sound advice, but food web
theory asks if such knowledge is possible [1]. A fox may
be the enemy of individual mice, but if foxes also eat
enough rabbits, then mice in general may prosper. Fewer
rabbits leave more food behind for the mice. Direct
effects - foxes eating mice - are simple and predictable,
but indirect effects - how foxes affect mice through
other trophic linkages - are much more complicated.
In the Sonoran desert of Arizona, Brown and Davidson
[2] excluded either ants, seed-eating rodents or both
from study plots. Initially, each group showed a signifi-
cant increase in numbers in the absence of the other,
while measures of their resources - the densities of seeds
in the soil and of vegetative annual plants - remained
unchanged. Ants and rodents compete for seeds, so each
is directly the enemy of the other. Moreover, it appeared
that the competitive interaction between ants and rodents
was so strong that, in the absence of one group, the other
would compensate completely in resource consumption.
Not surprisingly, in plots where both consumers were
excluded, seeds and plants increased dramatically.
Three years into the study, the competitive balance
between the different species of annual plants began to
change. In plots where rodents were excluded, species
with large seeds increased at the expense of smaller-
seeded plants. The rodents prefer large seeds and the ants
feed selectively on small-to-medium seeds. For the ants
in plots where rodents were excluded, this interspecific
plant competition became the underlying mechanism
that changed their food availability so drastically that
their numbers fell to pre-manipulation levels [3]. Thus,
through time, the perceived nature of the relationship
between ants and rodents changed from negative (com-
petition) to positive (indirect mutualism). Brown's col-
leagues repeated this experiment at a Chihuahuan desert
site with equivocal results [4], possibly due to less overlap
in the diet of the rodents and ants.
Another time-dependent change in the rodent commu-
nity of the Chihuahuan desert involved the direct pre-
dation of a large-seeded annual by the rodents. Surely, in
the absence of the rodents, this plant would benefit. In
the event, this was not the case, for a reason that would
have been difficult to foresee. The fungus Synchytrium
pallatum is a specific pathogen to one of the dominant
large-seeded plants of the Chihuahuan site. In the
absence of rodents, the host plant initially increased in
density, but this facilitated the spread of the fungus,
which ultimately increased its host's mortality [3].
When the rat's away, more mice will play
More recently, again working in the Chihuahuan desert,
Valone and Brown [5] investigated the effects of competi-
tion within the guild of seed-eating rodents. One might
expect that, for trophically very similar species, the
removal of one would benefit the other. But how many
others will benefit? Does the removal of one species
reduce the diversity of species by one, leading only to an
increase in numbers of the other species? Or does it allow
one or more more species to invade and take up the slack?
In 1977, Brown and his colleagues established experi-
mental plots consisting of 50 m by 50 m areas surrounded
by wire mesh. The plots were fitted with different sized
gates that controlled rodent access on the basis of body
size (Fig. 1). Plots with large (3.7 cm by 5.7 cm) gates
allowed access to all rodents, whereas plots with small
(1.9 cm by 1.9 cm) gates excluded the largest species -
namely, the kangaroo rats (Dipodomys spp.). Kangaroo rats
compete with other granivorous rodents by consuming a
shared resource (seeds) and by aggressive defense of space
[6], so the removal and exclusion of kangaroo rats should
increase the populations of at least some of the other
species. If this were the only effect on the rodent com-
munity then biological diversity would not be greatly
affected - higher numbers of individuals do not translate
to higher species diversity.
After four years of monthly sampling, however, Valone
and Brown began to see changes in the species composi-
tion of the rodent community. From about nine months
after initiation of the experiment, the populations of small
rodents increased dramatically in the exclusion plots [5].
Formerly absent species began to appear in the exclusion
plots in 1981, and colonization (and extinction) continued
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Fig. 1. Two of Valone and Brown's [5] 16 experimental plots in the Chihuahuan desert. Plots were fitted with gates that either
(a) allowed equal access to all rodents or (b) excluded large rodents - namely kangaroo rats (Dipodomys spp). In the absence of
kangaroo rats, grasses and large-seeded annual plants increased in density. Photographs courtesy James Brown and Doug Kelt.
through 1994, giving the exclusion plots a 27 % higher
average local diversity than equal access plots.
Over a small area or a very short period of time, species
diversity will be low, simply because the probability of
observing any animal is proportional to how long one
looks for it and how far one is willing to go in search of
it. Let's look at Valone and Brown's results over different
scales of space and time. Monthly samples (small time
scale) of individual plots (small spatial scale) yielded an
average of two rodent species per plot. For equal access
plots, this included one species of kangaroo rat and one
smaller rodent species, whereas exclusion plots typically
held two species of small rodent. At this small scale, there
was no difference in species diversity between the two
treatments.
We can now increase the temporal scale to 5 or 10 years,
while still restricting ourselves to the small spatial scale of
individual plots. Here we find that, while averaging two
species a month, plots do not always maintain the same
two species through time. Colonization probabilities of
granivorous non-Dipodomys species were unchanged in
equal access plots from 1977 to 1994, whereas in exclu-
sion plots the number of species with increased coloniza-
tion probabilities rose from one species to five species
between 1982 and 1994. Conversely, the extinction prob-
abilities of most species decreased in the exclusion plots.
Thus, over time, exclusion plots became more diverse by
the interchange of previously absent (rare) species (Fig. 2).
The species diversity of the equal access plots, with one
kangaroo rat species constantly present, remained more-
or-less unchanged over the same time period. Thus,
framed in this combination of spatial and temporal scales,
Valone and Brown's results show a 27 % higher species
diversity in exclusion plots than in the equal access plots.
This increase in diversity is coincident with an increase in
the heterogeneity of the entire area. Kangaroo rats have a
profound effect on vegetation. When present, they con-
sume large amounts of grass seed and physically alter the
soil by burrowing. In the absence of kangaroo rats, veg-
etative cover increases, and the exclusion plots become
islands of grass in a sea of desert scrub. With this patch-
work of habitats, Valone and Brown [5] are correct in
explaining the changes in the rodent community in terms
of metapopulation dynamics - the exchange of indivi-
duals between partially isolated populations of the same
species. While at one set of temporal and spatial scales it
is true that smaller rodents directly benefited from the
exclusion of kangaroo rats, at a larger spatial scale this
relationship is confounded by the effect of habitat frag-
mentation. The establishment of permanent exclusion
plots made the overall habitat more heterogeneous, and
created refuges for competitively inferior species. Habitat
heterogeneity can increase species diversity for plants
and animals, and the establishment of refuges can allow
co-existence of otherwise exclusionary species [7].
How to manage nature
The moral of these stories is that the outcomes of partic-
ular ecological experiments can be different when viewed
on different spatial and temporal scales - even when the
same system is investigated by the same ecologists. This
is entirely in accord with food web theory [1]. After
the removal of one species, the effect on another should
change over time (because of time-dependent indirect
effects) and over space (because landscapes are heter-
ogeneous and relative strengths of interactions vary over
space). In nature, there are no 'ill winds'; somewhere,
sometime, someone benefits.
Given these results, how can we possibly anticipate the
consequences of our environmental actions and so miti-
gate them? Some actions are so overwhelmingly bad, that
the answer is blindingly obvious. Burn a rainforest and all
the species will die. But what of less drastic actions, say
our greatly reducing the abundance of cod in the North
Atlantic? Unless there is a detailed food web model, we
might as well flip a coin to determine whether this action
will increase or decrease the abundance of some other
species of interest.
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Fig. 2. Eight representative plots from Valone and Brown's [5] study - four equal access plots and four where kangaroo rats
(Dipodomys spp) are excluded. Different species of small rodents are shown in different colors, whereas all Dipodomys species are
shown in grey. Over time, exclusion plots develop higher species diversity than plots with kangaroo rats present. The increase in
diversity is due to the occurrence of rare species that would otherwise be excluded by the larger, more aggressive kangaroo rats.
Coin tossing is probably a good model. If you had to bet
your life (versus a large fortune) on a coin toss, you might
take one of two actions. The first would be to study the
dynamics in such detail that, from a measurement of the
force of the toss and the physics of the coin and air, you
could predict the outcome. (It is a deterministic process,
after all.) If this 'let's do more research' strategy were not
possible, you might still take the bet, providing it was
based on a sufficient number of coin tosses. (Suppose you
only lose if you toss 20 heads in a row, your odds are
better than surviving your drive to work each day.)
This second 'risk-avoidance' strategy may be the one we
should adopt in managing ecosystems. The consequences
of any minor environmental change may be to harm
50 % of the species in any place. Only if there are many
places will all of the species do well somewhere. What-
ever the deterministic effects of our reducing natural
areas, we are also forcing species into a dangerous game
where their fate is driven by only a few tosses of the
coin. Research to the point of omniscience may not
help. If a species is found in only one place, we are
indeed betting its life on a single coin toss. Similarly, it
may be impossible to manage one place for the benefit of
all the species present.
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